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I INTRODUCTION 

Exploring the Higgs sector of the electroweak theory with high precision will 
be one of the main goals of a future e+e~ Linear Collider (LC). It will allow a 
highly sensitive test of the investigated theory and will thus provide a way for 
distinguishing between different models. 

A firm prediction of the Minimal Supersymmetric Standard Model (MSSM) is 
the existence of a light neutral Higgs boson. The Higgs sector of the MSSM con- 
sists of two doublets and besides the gauge couplings is described by two param- 
eters, conventionally chosen as the ratio of the two vacuum expectation values, 
tan/3 = V2/V1, and the mass of the CP-odd Higgs boson. Ma. The masses of the 
other Higgs bosons and the mixing angle in the neutral Higgs sector are predicted 
in terms of these parameters, giving rise to the well-known result that the mass 
of the lightest CP-even Higgs boson, mh, in the MSSM has to be smaller than 
the Z-boson mass at lowest order. This bound, however, receives large radiative 
corrections [1], in particular from the Yukawa sector of the theory, which shift the 
bound to mh 135 GeV including two-loop corrections [2]. 

The prospective experimental accuracies at a future Linear Collider in the energy 
range 500 GeV - 1 TeV will make it necessary to reduce the theoretical uncertainties 
of the predictions for the Higgs production cross sections and branching ratios below 
the level of 1%. This goal will be very difficult to achieve, owing to the fact that 
there exist several different sources for sizable higher-order corrections and for large 
theoretical uncertainties. 



As mentioned above, large Yukawa corrections affect the predictions for the 
Higgs-boson masses and the mixing angle a. The leading terms at one- and two- 
loop order are of 0{G^mf/My^) and 0{G^asm^/M^), respectively. Besides these 
corrections, which originate from the t-t sector of the MSSM, for large values of 
tan/5 and the Higgs mixing parameter n also large corrections in the b-b sector 
are possible, which in some regions of the parameter space can even invalidate a 
perturbative treatment. Corrections from the scalar quarks of the third generation 
can also be a source for large loop-induced effects in the Higgs sector connected to 
complex phases. Concerning theoretical uncertainties related to large loop correc- 
tions, in the energy range of a LC genuine vertex and box corrections in general give 
rise to much bigger effects than at LEP energies, where often the bulk of the weak 
and QCD corrections originates from universal propagator-type contributions. 

In the parameter regions where the widths of the MSSM Higgs bosons are large, 
an accurate treatment of the Higgs-boson production furthermore requires to take 
into account off-shell effects, i.e. to study the full 2 — > 4 process including non- 
resonant contributions. 

In addition to the above-mentioned effects, a different source of theoretical un- 
certainties is related to the experimental errors of the input parameters. Owing to 
the large corrections from the t-t sector, in particular an accurate measurement of 
the top-quark mass is crucial for precise theoretical predictions in the Higgs sector 
of the MSSM. 

II THE CP-EVEN HIGGS-BOSON MASSES AND ^eff 

The prediction for the lightest CP-even Higgs-boson mass in the MSSM has 
recently been improved by the inclusion of non-logarithmic genuine two-loop con- 
tributions obtained via an explicit Feynman-diagrammatic (FD) calculation [2,3]. 
These corrections gave rise to a numerically sizable shift compared to the results 
previously obtained via a renormalization-group-improved one-loop Effective Po- 
tential approach (EPA) [4,5]. Recently further sub-leading two-loop electroweak 
contributions have been obtained [6]. 

The current theoretical uncertainty in ruh from unknown higher-order contri- 
butions can conservatively be estimated as Am\^'^° ^ ±3 GeV. This uncertainty 
is smaller than the one induced from the present experimental error on mt, as a 
change of Arrit = ±5 GeV leads to a shift in rrih of Am]^'^° ~ ±5 GeV [7]. These 
uncertainties have to be compared with the prospective accuracies at a future LC 
of Am^^^P = 0.05 GeV and Amr'' = 0.1-0.2 GeV. 

The theoretical uncertainties in the Higgs propagator corrections affect the pre- 
dictions for the Higgs production and decay processes via their effects on mh, mn, 
and on the effective mixing angle cteff in which the bulk of the Higgs propagator 
corrections to the Higgs couphngs can be absorbed. 

The two-loop Higgs propagator corrections evaluated in Refs. [2,3] have recently 
been incorporated into the diagrammatic one-loop result for the QED and QCD 



contributions [8] to the decay processes 
agrammatic one-loop result [10] for the 
e+e- ^ hA [11]. 



h ^ ff [9] and into the complete di- 
production processes e'^e" — > hZ and 



III HIGGS DECAYS INTO SM FERMIONS 

The predictions for the decays /i — > // in the MSSM are affected by two main 
sources of large corrections which can give rise to large deviations of the MSSM 
predictions compared to the SM case. The Higgs propagator corrections affect the 
couplings to fermions in particular via large h-H mixing effects. As a consequence, 
the effective hff coupling can be heavily suppressed in certain regions of the pa- 
rameter space [9,12,13]. This is shown in the left plot of Fig. 1, where BR{h — > bb) 
is given as a function of Ma for Msusy = = 500 GeV and fi = —1 TeV (Msusy 
is the squark mass scale and is the off-diagonal entry in the t mixing matrix, see 
Ref. [2]). The plot shows that for a given value of M\ the theoretical prediction 
for BR{h — > bb) can change drastically if a part of the corrections is neglected. 
This is illustrated here by neglecting the two-loop contributions or the momentum 
dependence of the Higgs propagator corrections (the latter corresponds to the aes 
approximation). As a consequence, in these regions of parameter space an accurate 
theoretical prediction is very difficult to achieve. 
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FIGURE 1. Effects of large SUSY contributions on BR{h bb) (left plot) and BR{h r+r") 
(right plot). The error bar at the SM prediction in the right plot indicates the prospective 
experimental accuracy at a future LC. 



While the Higgs propagator corrections affect the Higgs couplings to all up- 
type fermions and to all down-type fermions in a universal way, these couplings 

can be shifted relative to each other by large gluino and higgsino loop corrections. 
Corrections of this kind can occur for large values of tan /3 and/or /j,. They affect the 



tree-level relation between the fermion masses (in particular rrib and m^) and the 
Yukawa couplings [14] . A deviation in the ratio of the hbb and the hr'^r' couplings 
from the SM value caused by large gluino corrections to r{h bb) can give rise 
to a sizable shift in BK{h t^t'). A precise measurement of BR(/i t^t^) at 
a future LC will thus provide a high sensitivity for a distinction between the SM 
and the MSSM even for relatively large values of Ma, where otherwise the Higgs 
sector behaves mainly SM-like. This is illustrated in the right plot of Fig. 1, where 
BR(/i r+r") in the MSSM is shown as a function of the gluino mass, mg, in 
comparison with the SM prediction and the prospective experimental accuracy at 
a future LC of about 5%. 

IV HIGGS PRODUCTION IN HIGGS-STRAHLUNG 
AND ASSOCIATED PRODUCTION 

In Fig. 2 the predictions for the production cross sections e+e~ — > hZ, hA based 
on combining the complete diagrammatic one-loop result in the MSSM [10] with 
the dominant two-loop Higgs-propagator corrections (evaluated with the program 
FeynHiggs [15]) are shown as a function of mh for ^/s = 500 GeV, Msusy = 1 TeV, 
the slepton mass scale Mj = 300 GeV, Ma = 200 GeV and Xt/MsusY = 2, i.e. 
maximal mixing in the scalar top sector. The result including the two-loop Higgs- 
propagator corrections is compared with the one- loop result, and the effect of the 
one-loop box contributions is shown separately. The FD result is furthermore 
compared with an improved Born approximation, where only corrections to mh 
and CKeff are taken into account, which are evaluated within the renormalization- 
group-improved one-loop EPA with the program subhpole (based on Refs. [4,16]). 

As can be seen in the figure, the inclusion of the two-loop contributions has a 
very large effect. The deviation between the full result and the improved Born 
approximation based on the renormalization-group-improved one-loop EPA is also 
significant, exceeding 20% for (TAh- The box contributions change the total cross 
section by 5-10% at LC collider energies, and in general give even larger corrections 
to the differential cross sections. For the prospective experimental accuracies at a 
future LC these corrections thus need to be included in the theoretical predictions. 
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